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性。国内外对 HA 作为纳米材料的研究已久，但还未有 TCS 与 HA 构成纳米粒










（2） 巯基壳聚糖 TCS 的合成和透明质酸 HA 的降解 
按照实验室自研方法，制备出高巯基含量为 838.71 ± 5.13 μmol/g 的 TCS。
将分子量约为 500 wDa 的 HA 经过盐酸降解，透析纯化后通过高效凝胶色谱分析


















（3） 载药纳米粒的制备及评价  




采用噻唑蓝比色法发现 DOX-NPs 较相同浓度下 DOX 游离药的毒性降低许
多，对细胞几乎无显著性毒性，所选用的合成材料也对 HCE 细胞无毒性。而细
胞摄取实验发现，HCE 细胞对 DOX-NPs 的摄取率显著高于游离 DOX，并且呈
时间依赖性。 
（5） 动物局部给药实验 
通过对比 DOX 溶液和包载 DOX-NPs 的大鼠角膜和巩膜透过性，进一步确
证纳米粒能增加 DOX 的角膜和巩膜透过程度。 





















Up to now, the therapeutic method of ocular diseases such as proliferative 
retinopathy, uveitis and cytomegalovirus retinitis is still a major clinical problem. 
Doxorubicin as an anti-proliferative drug has been used in proliferative retinopathy in 
some experiments. Because of the particularity of local application, drugs need to 
provide a sufficient stability. The widely used eye drops, which have short duration 
and low concentration of the therapeutic action of topically administered drugs, have 
seriously restricted the therapeutic effect. For this reason, the research on new 
ophthalmic preparations which can enhance the bioavailability and duration becomes 
more and more important. It has been demonstrated that thiolated chitosan (TCS), a 
derivative of chitosan (CS), is a new kind of ophthalmic delivery carrier due to its 
water solubility, mucoadhesive ability and gelling properties in situ at physiological 
pH. Besides, a natural proteoglycan hyaluronan (HA), discovered in extracellular 
matrix and connective tissue, has been considered as a biocompatible material. In this 
study, we prepared TCS-HA nanoparticles loaded doxorubicin as a new ocular drug 
delivery system. 
Six parts included in this thesis: 
1. The establishment of Doxorubicin (DOX) analysis using fluorometric assay 
We had invesgated the specificity, accuracy, linear equation and the average 
recovery of DOX using fluorometric assay, establishing a high sensitive and accurate 
method to measure DOX concentration.  
2. The synthesis and evaluation of TCS and the degradation of HA  
We used the previous method discovered by our lab to synthesize TCS. The 
degree of thiol immobilized was 838.71 ± 5.13 μmol/g measured by Ellman’s reagent. 
The HA had been degraded from 150 wDa to 50 wDa using hydrochloric acid 
according previous reports. The molecular weight of degraded HA was homogeneous 
distribution measured by HPGPC. 
3. Preparation and characterization of DOX-NPs  
The study prepared the nanoparticles by a ionic gelation method which was 
sustained and controlled released. The size of DOX-NPs was 257 nm, and the stability 















4. In vitro cytotoxity study and cell uptake assay of human corneal epithelium 
cells (HCE) 
The cytotoxicity of DOX-NPs showed much safer than DOX solution measured 
by MTT. The DOX-NPs exhibited highly uptaken by HCE compared to DOX water 
solution photoed by laser scanning confocal microscope. And it is time-dependent. 
5. In vivo studies  
Comparing corneal and sclera permeation ability of DOX solution and 
DOX-loaded TCS-HA NPs in vivo, we further confirmed that NPs can enhance the 
drug permeation, indicated that TCS-HA NPs would be an effective potential system 
for ocular drug delivery. 
Conclusion: We prepared TCS-HA NPs loaded DOX, which carried out with 
stability, controlled released property, low cytotoxity and high permeation in corneal 
and sclera. The research may provided groundwork for a strategy developping new 
material and ophthalmic mucoadhesive preparation.  
 
Key words: Nanoparticles; Thiolated chitosan; Hyaluronan; Ocular drug  delivery; 
















摘  要 ..................................................................................................... I 
ABSTRACT ......................................................................................... III 
第一章 绪论 ........................................................................................... 1 
1.1 眼部纳米制剂的简介...................................................................................... 1 
1.2 眼部治疗的主要屏障...................................................................................... 1 
1.3 壳聚糖类眼用纳米粒的简介 .......................................................................... 6 
1.4 阿霉素治疗眼部疾病的研究进展 ................................................................ 13 
1.5 本课题的立体依据及研究思路 .................................................................... 14 
第二章 阿霉素体外分析方法的建立 .................................................. 16 
2.1 材料.............................................................................................................. 16 
2.1.1 药品和试剂............................................................................................ 16 
2.1.2 实验仪器................................................................................................ 17 
2.2 方法.............................................................................................................. 17 
2.2.1 荧光分析条件 ........................................................................................ 17 
2.2.2 样品处理方法 ........................................................................................ 17 
2.2.3 方法专属性............................................................................................ 17 
2.2.4 标准曲线的绘制 .................................................................................... 17 
2.2.5 精密度试验............................................................................................ 17 
2.2.6 回收率实验............................................................................................ 18 
2.3 结果.............................................................................................................. 18 
2.3.1 方法专属性............................................................................................ 18 
2.3.2 标准曲线的绘制 .................................................................................... 19 
2.3.3 精密度试验............................................................................................ 20 
2.3.4 回收率实验............................................................................................ 20 
2.4 讨论.............................................................................................................. 21 
2.5 小结.............................................................................................................. 22 
第三章 TCS 的合成及 HA 的降解 ..................................................... 23 















3.1.1 药品和试剂............................................................................................ 23 
3.1.2 实验仪器................................................................................................ 23 
3.2 方法.............................................................................................................. 24 
3.2.1 TCS 的合成及表征 ................................................................................. 24 
3.2.2 HA 的降解 .............................................................................................. 26 
3.3 结果.............................................................................................................. 26 
3.3.1 TCS 的合成及表征 ................................................................................. 26 
3.3.2 HA 的降解及分子量测定 ....................................................................... 28 
3.4 讨论.............................................................................................................. 29 
3.5 小结.............................................................................................................. 30 
第四章 TCS/HA 纳米粒的制备及表征 .............................................. 31 
4.1 材料.............................................................................................................. 31 
4.1.1 药品和试剂............................................................................................ 31 
4.1.2 实验仪器................................................................................................ 31 
4.2 方法.............................................................................................................. 32 
4.2.1 DOX-NP 的制备 ..................................................................................... 32 
4.2.2 纳米粒包封率和载药量的测定 ............................................................. 32 
4.2.3 纳米粒的粒径分布及分散性系数 ......................................................... 33 
4.2.4 体外释放度的研究 ................................................................................ 33 
4.2.5 纳米粒稳定性考察 ................................................................................ 33 
4.3 结果.............................................................................................................. 33 
4.3.1 各种方法制备 DOX-NP 的结果分析 ..................................................... 33 
4.3.2 纳米粒质量评价 ..................................................................................... 38 
4.4 讨论.............................................................................................................. 41 
4.5 小结.............................................................................................................. 43 
第五章 HCE 人角膜上皮细胞毒性及摄取实验 ................................ 44 
5.1 材料.............................................................................................................. 44 
5.1.1 药品和试剂............................................................................................ 44 
5.1.2 实验仪器................................................................................................ 44 
5.1.3 溶液配制................................................................................................ 44 
5.1.4 TCS 溶液配制及纳米粒制备.................................................................. 44 















5.2 方法............................................................................................................... 46 
5.2.1 HCE 细胞的处理 ................................................................................... 46 
5.2.2 细胞毒性实验 ......................................................................................... 47 
5.2.3 细胞摄取................................................................................................ 48 
5.3 结果.............................................................................................................. 48 
5.3.1 TCS/HA 纳米粒和 DOX 溶液对 HCE 细胞增殖活力的影响 ............... 48 
5.3.2 细胞摄取................................................................................................ 49 
5.4 讨论.............................................................................................................. 50 
5.5 小结.............................................................................................................. 51 
第六章 DOX 纳米粒的体外药效学考察 ............................................ 52 
6.1 材料.............................................................................................................. 52 
6.1.1 实验试剂................................................................................................ 52 
6.1.2 实验仪器................................................................................................ 52 
6.1.3 实验动物................................................................................................ 53 
6.1.4 纳米粒制备及 DOX 溶液配制 ............................................................ 53 
6.2 方法.............................................................................................................. 53 
6.3 结果.............................................................................................................. 54 
6.3.1 TCS/HA 纳米粒角膜透过性研究 .......................................................... 54 
6.3.2 TCS/HA 纳米粒巩膜透过性研究 .......................................................... 55 
6.4 讨论.............................................................................................................. 55 
6.5 小结.............................................................................................................. 56 
全文总结及展望 ................................................................................... 57 

















Table of Contents 
Abstract in Chinese .................................................................................. I 
Abstract in English................................................................................. III 
Chapter 1 Introduction ............................................................................. 1 
1.1 Introduction of ophthalmic nanoparticle ...................................................... 1 
1.2 The obstacles in ophthalmic therapy............................................................. 1 
1.3 Introduction of TCS nanoparticle ................................................................. 6 
1.4 Advances in ophthalmic application of DOX.............................................. 13 
1.5 Research aim and experimental plans......................................................... 14 
Chapter 2 Establish the analysis method of DOX................................... 16 
2.1 Materials....................................................................................................... 16 
2.1.1 Pharmacon and reagents .......................................................................... 16 
2.1.2 Experimental instruments ........................................................................ 17 
2.2 Methods ........................................................................................................ 17 
2.2.1 Condition of fluorescence analysis........................................................... 17 
2.2.2 Sample preparation .................................................................................. 17 
2.2.3 Specificity of method............................................................................... 17 
2.2.4 Standard curve......................................................................................... 17 
2.2.5 Precision experiment ............................................................................... 18 
2.2.6 Recovery experiment ............................................................................... 18 
2.3 Results .......................................................................................................... 18 
2.3.1 Specificity of method............................................................................... 18 
2.3.2 Standard curve......................................................................................... 19 
2.3.3 Precision experiment ............................................................................... 20 
2.3.4 Recovery experiment ............................................................................... 20 
2.4 Discussion ..................................................................................................... 21 
2.5 Summary ...................................................................................................... 22 
Chapter 3 Synthesis of TCS and degradation of HA .............................. 23 
3.1 Materials....................................................................................................... 23 
3.1.1 Pharmacon and reagents .......................................................................... 23 
3.1.2 Experimental instruments ........................................................................ 23 















3.2.1 Synthesis and characterization of TCS ..................................................... 24 
3.2.2 Degradation of HA .................................................................................. 26 
3.3 Results .......................................................................................................... 26 
3.3.1 Synthesis and characterization of TCS ................................................... 26 
3.3.2 Degradation and molecular weight determination of HA.......................... 27 
3.4 Discussion ..................................................................................................... 28 
3.5 Summary ...................................................................................................... 29 
Chapter 4 Preparation and characterization of TCS/HA nanoparticles ... 31 
4.1 Materials....................................................................................................... 31 
4.1.1 Pharmacon and reagents .......................................................................... 31 
4.1.2 Experimental instruments ........................................................................ 31 
4.2 Methods ........................................................................................................ 32 
4.2.1 Preparation of DOX-NP........................................................................... 32 
4.2.2 Study of entrapment efficiency and drug loading rate............................... 32 
4.2.3 Particle size and PDI of nanoparticles ...................................................... 33 
4.2.4 Study of in vitro release ........................................................................... 33 
4.2.5 Study of VIP nanoparticles stability ......................................................... 33 
4.3 Results .......................................................................................................... 33 
4.3.1 Analysis of different method Preparing nanoparticles .............................. 33 
4.3.2 Quality evaluation of TCS/HA nanoparticles ........................................... 38 
4.4 Discussion ..................................................................................................... 41 
4.5 Summary ...................................................................................................... 43 
Chapter 5 HCE cells uptake study.......................................................... 44 
5.1 Materials....................................................................................................... 44 
5.1.1 Pharmacon and reagents .......................................................................... 44 
5.1.2 Experimental instruments ........................................................................ 44 
5.1.3 Reagent preparation................................................................................. 45 
5.1.4 Preparation of TCS/HA nanoparticles ...................................................... 46 
5.1.5 Statistical analysis.................................................................................... 46 
5.2 Methods ........................................................................................................ 46 
5.2.1 HCE cells culture..................................................................................... 46 
5.2.2 Cytotoxicity experiment........................................................................... 47 
5.2.3 Cell uptaken ............................................................................................ 48 
5.3 Results .......................................................................................................... 48 















5.3.2 Cell uptaken ............................................................................................ 49 
5.4 Discussion ..................................................................................................... 50 
5.5 Summary ...................................................................................................... 51 
Chapter 6 In vivo studies........................................................................ 52 
6.1 Materials....................................................................................................... 52 
6.1.1 Pharmacon and reagents .......................................................................... 52 
6.1.2 Experimental instruments ........................................................................ 52 
6.1.3 Experimental animals .............................................................................. 53 
6.1.4 Preparation of TCS/HA nanoparticles ...................................................... 53 
6.2 Methods ........................................................................................................ 53 
6.3 Results .......................................................................................................... 54 
6.3.1 Transcorneal permeability study of TCS/HA nanoparticles ...................... 54 
6.3.2 Sclera permeability study of TCS/HA nanoparticles................................. 55 
6.4 Discussion ..................................................................................................... 55 
6.5 Summary ...................................................................................................... 56 
Conclusions and prospects................................................................... 57 
References ............................................................................................ 59 
Published papers .................................................................................. 67 































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
